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1
SUSPENSION APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority under 35
U.S.C. 119 from Japanese Patent Application No. 2013-
209722 filed on Oct. 4, 2013, the entire content of which is
incorporated herein by reference.

BACKGROUND

1. Technical Field

The present invention relates to a suspension apparatus that
is arranged between a vehicle body and a wheel in a two-
wheeled vehicle or the like.

2. Related Art

In the related art, in a front fork in a two-wheeled vehicle
known as an example of a suspension apparatus, bushes are
fixed to an upper portion and a lower portion of an inner
circumference of an outer tube, an inner tube is slidably fitted
into the outer tube via the upper and the lower bushes, an
annular oil chamber that is defined by the upper and the lower
bushes is formed in a space between the inner circumference
of'the outer tube and an outer circumference of the inner tube,
and thus a volume compensation chamber is formed to com-
pensate for a volume affected by entry and retreat of a piston
rod during a stroke of a piston.

In this type of the suspension apparatus, a hydraulic shock
absorber according to JP-A-2009-108884 has a partition wall
member which is mounted to the inside on an opening end
side of the inner tube so that the partition wall chamber guides
the piston rod mounted to the outer tube. The partition wall
member is configured to have a cylindrical portion that is
formed into a cylindrical shape along an inner circumference
of the inner tube, and a bottom portion that is provided to
block the bottom of the cylindrical portion. In a state where
the cylindrical portion is screwed into the inner tube and the
bottom portion is positioned inside the inner tube, using the
bottom portion as a reference portion, the partition wall mem-
ber divides into a working oil chamber that is formed below
the bottom portion and an oil reservoir chamber which is
formed above the bottom portion. A piston mounted to the
piston rod that is fixed to the outer tube slides inside the
working oil chamber. The oil reservoir chamber supplies
working oil to the working oil chamber and vice versa. The
working o0il chamber communicates with the annular oil
chamber via an oil hole provided in the inner tube, and the
working oil freely circulates therebetween. When the hydrau-
lic shock absorber is compressed, the working oil flows from
the working oil chamber into the annular oil chamber by a
volume taken up by the piston rod entering the working oil
chamber by a stroke. When the hydraulic shock absorber is
extended, the working oil flows from the annular oil chamber
into the working oil chamber by a volume freed up by the
piston rod retreating from the working oil chamber by a
stroke. Accordingly, a volume affected by entry and retreat of
the piston rod is compensated for, and a predetermined damp-
ing force is obtained.

SUMMARY OF INVENTION

In the suspension apparatus having this configuration,
there is a problem in that air bubbles in the working oil
gradually gather in an upper portion of the annular oil cham-
ber or in a gap space between the partition wall member and
the inner tube and air bubble entrapment is formed. During
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extension operation in a case where the air bubble entrapment
is formed in these portions, since a predetermined damping
force is obtained after the air bubble entrapment is com-
pressed by the working oil, damping operation is delayed. In
addition, since the supply of the working oil into an oil cham-
ber formed below the piston inside the working oil chamber is
delayed, pressure in the oil chamber rapidly decreases, a
gaseous component in the working oil is separated, and an air
bubble grows. Thereafter, during compression operation, an
impulse sound occurs at the time a growing air bubble is
instantaneously compressed to dissipate.

An object of the invention is to provide a suspension appa-
ratus that can suppress occurrence of an impulse sound
caused by occurrence of the air bubble entrapment in the
annular oil chamber or the gap space.

[1] According to an aspect of the invention, it provides a
suspension apparatus which includes a cylindrical outer tube;
aninner tube which is coaxially arranged inside the outer tube
to move in an axial direction relative to the outer tube and into
which oil is poured; a piston rod of which one end portion
retains a piston inserted into the inner tube and which moves
together with the outer tube with respect to the inner tube; and
a partition wall member that is mounted to an upper end
portion of the inner tube to define an upper end portion of an
annular oil chamber which is formed between an inner cir-
cumferential surface of the outer tube and an outer circum-
ferential surface of the inner tube, that has a bowl portion
formed into a bowl shape located inside the inner tube, and
that divides a space inside the inner tube into an inner space
and an outer space of the bowl portion. A cross-sectional area
of'the annular oil chamber is larger than a cross-sectional area
of'the piston rod. The partition wall member divides the outer
space into a gap space between the partition wall member and
the inner tube and a space other than the gap space, and a
through-hole is formed in the partition wall member to com-
municate the oil-containing inner space with the gap space. At
least one of the partition wall member and the inner tube is
provided with a communication path through which an upper
portion of the annular oil chamber communicates with the
gap space.

[2] The suspension apparatus may provide the partition
wall member which has an abutting surface in an upper por-
tion thereof, and an upper end surface of the inner tube abuts
against the abutting surface. The communication path has an
upward concave portion that is concave upward from the
abutting surface of the partition wall member; and an inward
concave portion that is concave inward from a side surface of
the bowl portion of the partition wall member.

[3] The suspension apparatus may provide the communi-
cation path which has an inward concave portion that is con-
cave inward from a side surface of the bowl portion of the
partition wall member. The inward concave portion is heli-
cally formed in the side surface of the bowl portion.

With the configuration of [1], the partition wall member
divides the outer space into the gap space between the parti-
tion wall member and the inner tube and the space other than
the gap space, and the through-hole is formed in the partition
wall member in order for the oil-containing inner space to
communicate with the gap space. At least one of the partition
wall member and the inner tube is provided with the commu-
nication path through which the upper portion of the annular
oil chamber communicates with the gap space. For this rea-
son, itis possibleto suppress occurrence of the impulse sound
caused by occurrence of the air bubble entrapment in the
annular oil chamber or the gap space.

With the configuration of [2], since the communication
path has the upward concave portion that is concave upward
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from the abutting surface of the partition wall member; and
the inward concave portion that is concave inward from the
side surface of the bowl portion of the partition wall member,
it is possible to suppress occurrence of the impulse sound
caused by occurrence of the air bubble entrapment in the
annular oil chamber or the gap space while improving pro-
ductivity.

With the configuration of [3], since the communication
path has contain the inward concave portion that is concave
inward from the side surface of the bowl portion of the par-
tition wall member and the inward concave portion is heli-
cally formed in the side surface of the bowl portion, it is
possible to discharge more air in the gap space.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a view illustrating a schematic configuration of a
motorcycle according to an embodiment.

FIG. 2 is a cross-sectional view of a front fork according to
the embodiment of the invention.

FIG. 3 is an enlarged view of a portion III in FIG. 2.

FIG. 4 is an enlarged view of a portion IV in FIG. 2.

FIG. 5 is a perspective view when a rod guide case is seen
from below.

FIG. 6 is a view illustrating a schematic configuration of a
first operation portion and a second operation portion.

FIGS. 7A and 7B are views illustrating operation of an
extension stroke.

FIGS. 8A and 8B are views illustrating operation of a
compression stroke.

FIG. 9 is a perspective view when the rod guide case
according to another embodiment is seen from below.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the invention will be
described in detail with reference to the accompanying draw-
ings.

FIG. 1 is a view illustrating a schematic configuration of a
motorcycle 1 according to the embodiment.

The motorcycle 1 includes a front wheel 2 that is a wheel on
a front side; a rear wheel 3 that is a wheel on a rear side; and
a main vehicle body 10 having a vehicle frame 11 that is a
skeleton of the motorcycle 1, a handlebar 12, an engine 13 and
the like. In addition, a front fork 21 is an example of a
suspension apparatus that connects the front wheel 2 to the
main vehicle body 10. The motorcycle 1 has the front fork 21
on each of the left and the right sides of the front wheel 2. The
motorcycle 1 has a rear suspension 22 on each of the left and
the right sides of the rear wheel 3, and the rear suspensions 22
connect the rear wheel 3 to the main vehicle body 10. FIG. 1
illustrates only the front fork 21 and the rear suspension 22
that are arranged on the right side. In addition, the motorcycle
1 includes two brackets 14 that retain the front forks 21
arranged on both of the left and the right sides of the front
wheel 2, and a shaft 15 that is arranged between two brackets
14. The shaft 15 is rotatably supported by the vehicle frame
11.

Subsequently, the front fork 21 will be described in detail.

FIG. 2 is a cross-sectional view of the front fork 21 accord-
ing to the embodiment of the invention.

FIG. 3 is an enlarged view of a portion III in FIG. 2.

FIG. 4 is an enlarged view of a portion IV in FIG. 2.

FIG. 5 is a perspective view when a rod guide case 130 to
be described later is seen from below.

The front fork 21 according to the embodiment is arranged
between the main vehicle body 10 and front wheel 2 of the
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motorcycle 1 to support the front wheel 2, and the front fork
21 is a so-called inverted front fork in which an inner tube 110
and an outer tube 210 to be described later are arranged on a
side of the front wheel 2 and a side of the main vehicle body
10, respectively.

The front fork 21 includes an axle side unit 100 that has the
inner tube 110 and is mounted to an axle of the front wheel 2;
and a main body side unit 200 that has the outer tube 210 and
is mounted to the main vehicle body 10. In addition, the front
fork 21 includes a coil spring 400 that is arranged between the
axle side unit 100 and the main body side unit 200 and absorbs
vibration exerted on the front wheel 2 due to road surface
roughness; and a spring support member 410 that supports the
coil spring 400 together with a lower spring receiver 124 to be
described later.

The inner tube 110 and the outer tube 210 are substantially
cylindrical members that are arranged coaxially with each
other, and there is a case where a direction of the center line
(axial direction) of the cylinder is referred to as a “vertical
direction” and the side of the main vehicle body 10 and the
side of the front wheel 2 are referred to as an upper side and
alower side, respectively. The axle side unit 100 and the main
body side unit 200 move in the vertical direction (axial direc-
tion) relatively with each other, and thus the front fork 21
absorbs road surface roughness to suppress vibration while
the front fork 21 supports the front wheel 2.

Configuration of Axle Side Unit 100

The axle side unit 100 includes the substantially cylindrical
inner tube 110 of which both ends are open; an axle bracket
120 that is mounted to an end portion (lower end portion) on
a lower side of the inner tube 110 and the front wheel 2; and
an oil seal 125 that seals a gap between the inner tube 110 and
the axle bracket 120. In addition, the axle side unit 100
includes the rod guide case 130 that is mounted to an end
portion (upper end portion) on an upper side of the inner tube
110 to guide movement of a piston rod 235 of the main body
side unit 200 to be described later; an oil ring 135 that seals a
gap between the rod guide case 130 and the outer tube 210;
and a supply and discharge apparatus 150 that adjusts the
circulation of oil between the inside and outside of the rod
guide case 130.

Configuration of Inner Tube 110

The inner tube 110 is formed to have an outer diameter
smaller than an inner diameter of the outer tube 210, and in a
state where the inner tube 110 enters the outer tube 210, an
annular oil chamber 20 is formed between an outer circum-
ferential surface of the inner tube 110 and an inner circum-
ferential surface of the outer tube 210.

The inner tube 110 has an inner diameter uniformly formed
in an inner circumferential surface thereof along the vertical
direction so that a piston 220 of the main body side unit 200
to be described later smoothly slides. Besides, a female screw
111 is formed in the inner circumferential surface of the upper
end portion, and a male screw 131a of the rod guide case 130
to be described rater is tightened into the female screw 111.
Meanwhile, the inner tube 110 has the outer diameter uni-
formly formed in the outer circumferential surface thereof
basically along the vertical direction, and a concave portion
112 is formed over the entire circumference of the upper end
portion. In addition, the inner tube 110 has a male screw 113
formed in an outer circumferential surface of the lower end
portion, and the male screw 113 is tightened into the female
screw 121a of the axle bracket 120 to be described later. In
addition, communication hole 114 is formed in a portion of
the inner tube 110 which is below the rod guide case 130 ina
state where the rod guide case 130 is mounted to the inner
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tube 110, and the inside of the inner tube 110 communicates
with the annular oil chamber 20 via the communication hole
114.

A slide bush 115 is fitted to the aforementioned concave
portion 112 so that the inner tube 110 smoothly slides on the
inner circumferential surface of the outer tube 210. The slide
bush 115 is a bearing that is formed into a cylindrical shape,
and in a state where the slide bush 115 is mounted on the inner
tube 110, the slide bush 115 is set to have an outer diameter
larger than that of the inner tube 110 in such a manner that an
outer circumferential surface of the slide bush 115 protrudes
outward from the outer circumferential surface of the inner
tube 110.

A predetermined amount of oil is poured into the inner tube
110.

Configuration of Axle Bracket 120

Asillustrated in FIG. 2, the axle bracket 120 has a concave
portion 121 into which the inner tube 110 is inserted; and an
axle mounting hole 122 into which the axle of the front wheel
2 can be mounted. The concave portion 121 has the female
screw 121a into which the male screw 113 of the inner tube
110 is tightened; and a seal groove 1215 in which the oil seal
125 is fitted to seal a gap between the outer circumferential
surface of the inner tube 110 and the concave portion 121. In
addition, the lower spring receiver 124 is mounted in the
concave portion 121, and a lower end portion of the coil
spring 400 is placed on the lower spring receiver 124 that
receives a spring load.

When the male screw 113 of the inner tube 110 is tightened
into the female screw 1214, the axle bracket 120 is mounted
to block an opening of the lower end portion of the inner tube
110. The oil seal 125 fitted to the seal groove 1215 of the
concave portion 121 seals the gap between the outer circum-
ferential surface of the inner tube 110 and the axle bracket
120, and thus oil that is poured into the inner tube 110 is
prevented from leaking.

Configuration of Rod Guide Case 130

As illustrated in FIGS. 3 and 5, the rod guide case 130
includes a cylindrical portion 131 which is formed in such a
manner that a direction of the center line thereof is the vertical
direction; an inward portion 132 that is provided below an
lower end portion of the cylindrical portion 131 and is formed
to face inward in a radial direction so that the inward portion
132 blocks an opening of the lower end portion; and an
outward portion 133 that is formed to face outward in the
radial direction above an upper end portion of the cylindrical
portion 131.

The male screw 1314 is formed in an outer circumferential
surface of the upper end portion of the cylindrical portion 131,
and the male screw 131aq is tightened into the female screw
111 formed in the inner tube 110. In a portion below the male
screw 131a, the cylindrical portion 131 is formed to have an
outer diameter smaller than the inner diameter of the inner
tube 110, and in a state where the rod guide case 130 is
mounted to the inner tube 110, an annular gap 25 (refer to
FIGS. 7A and 7B as well) is formed between an outer cir-
cumferential surface of the cylindrical portion 131 and the
inner circumferential surface of the inner tube 110. In addi-
tion, a communication hole 131c¢ is formed in the lower end
portion of the cylindrical portion 131 in order for the inside of
the cylindrical portion 131 to communicate with the outside
thereof. In addition, as an example of an inward concave
portion that is concave inward, a cylindrical portion side
concave portion 131d is formed in an outer circumferential
surface of the upper end portion of the cylindrical portion 131,
and the cylindrical portion side concave portion 1314 is
formed in the vertical direction from the top of the male screw
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1314 to the bottom thereof and in a circumferential direction
ataposition corresponding to a position of an outward portion
side concave portion 133¢ to be described later.

The inward portion 132 has a valve chamber 140 formed in
a center portion using a through-hole that passes through the
inward portion 132 in the vertical direction. The supply and
discharge apparatus 150 is arranged in the valve chamber 140.
In addition, a seal groove 1325 is formed in an outer circum-
ferential surface of the inward portion 132, and an oil seal 145
is fitted to the seal groove 1325 to seal a gap between the outer
circumferential surface of the inward portion 132 and the
inner circumferential surface of the inner tube 110.

The valve chamber 140 is configured to have a through-
hole 1324 that passes through the inward portion 132; and a
first concave portion 141 and a second concave portion 142
that are concave from a lower end surface of the inward
portion 132. The first concave portion 141 and the second
concave portion 142 are different columnar concavities from
each other in such a manner that a diameter decreases from
the lower end surface to an upper end surface, and the first
concave portion 141 is a columnar concave portion of a large
diameter and the second concave portion 142 is a columnar
concave portion of a small diameter. In addition, a groove
1414 is formed over the entire circumference of an inner
circumferential surface of the first concave portion 141, and
the groove 141a is concave outward from the inner circum-
ferential surface.

A ring groove 133a is formed over the circumferential
entirety of an outer circumferential surface of the outward
portion 133, and the oil ring 135 is fitted to the ring groove
133a to seal a gap between the inner circumferential surface
of'the outer tube 210 and the rod guide case 130. The oil ring
135 fitted to the ring groove 1334 functions as a member that
defines an upper portion of the aforementioned annular oil
chamber 20.

A lower end surface 1335 of the outward portion 133
functions as an abutting surface against which an upper end
surface of the inner tube 110 abuts. That is, the lower end
surface 1335 of the outward portion 133 is formed in a surface
orthogonal to the vertical direction, and the lower end surface
1335 is in contact with the entire circumference of the upper
end surface of the inner tube 110 and tightly seals an inner
space of the inner tube 110. As an example of an upward
concave portion, the outward portion side concave portion
133¢ that is concave upward from the lower end surface 1336
is formed as a partial circumferential area in the outward
portion 133 at a position corresponding to a position of the
cylindrical portion side concave portion 1314 in the cylindri-
cal portion 131. In other words, as illustrated in FIGS. 3 and
5, the outward portion side concave portion 133¢ and the
cylindrical portion side concave portion 1314 are continu-
ously formed and function as a communication path 40 that is
a communication path through which the annular oil chamber
20 communicates with the annular gap 25.

In the rod guide case 130 having the aforementioned con-
figuration, the inward portion 132 divides a space in the inner
tube 110 into a space above the inward portion 132 and a
space below the inward portion 132. In addition, the cylindri-
cal portion 131 divides the space above the inward portion
132 into a space inside the cylindrical portion 131 and a space
outside the cylindrical portion 131. A portion above the
inward portion 132 and inside the cylindrical portion 131
functions as an oil reservoir chamber 45 in which oil is stored.
In addition, the space below the inward portion 132 and inside
the inner tube 110 functions as a working oil chamber 50 in
which oil is stored to generate main damping force. In addi-
tion, a portion above the inward portion 132 and outside the
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cylindrical portion 131 is the aforementioned annular gap 25.
The oil seal 145 which is fitted to the seal groove 1325 formed
in the inward portion 132 divides into the annular gap 25 and
the working oil chamber 50.

In other words, the rod guide case 130 retaining the oil ring
135 and the oil seal 145 is mounted to the upper end portion
of the inner tube 110 to define an upper end portion of the
annular oil chamber 20 that is formed between the inner
circumferential surface of the outer tube 210 and the outer
circumferential surface of the inner tube 110. The rod guide
case 130 has, as an example of a bowl portion that is formed
into a bowl shape, the cylindrical portion 131 and the inward
portion 132 inside the inner tube 110, and the rod guide case
130 functions as a partition wall member that divides the
space inside the inner tube 110 into the oil reservoir chamber
45 as an example of the inner space of the cylindrical portion
131 and the inward portion 132 and the working oil chamber
50 and the annular gap 25 as examples of the outer space. The
rod guide case 130 retaining the oil ring 135 and the oil seal
145 divides the working oil chamber 50 and the annular gap
25 as the examples of the outer space into the annular gap 25
as an example of a gap space between the rod guide case 130
and the inner tube 110 and the working oil chamber 50 as an
example of the space other than the annular gap 25. In the rod
guide case 130, the communication hole 131¢ is formed in
order for the oil-containing oil reservoir chamber 45 to com-
municate with the annular gap 25, and the communication
path 40 is provided in order for an upper portion of the annular
oil chamber 20 to communicate with the annular gap 25.

An upper space of the oil reservoir chamber 45 inside the
inner tube 110 is connected to an upper space inside the outer
tube 210, and both of the spaces are filled with air. A lower
portion of the oil reservoir chamber 45 functions as an oil
chamber 46 in which oil poured into the inner tube 110 is
stored, and the upper space of the oil reservoir chamber 45
and the upper space inside the outer tube 210 function as an
air chamber 47.

Configuration of Supply and Discharge Apparatus 150

Asillustrated in FIG. 3, the supply and discharge apparatus
150 includes a check valve 151 that allows the flow of oil from
the oil reservoir chamber 45 to the working oil chamber 50
and prevents the flow of oil from the working oil chamber 50
to the oil reservoir chamber 45; a backup spring 152 that is
arranged below the check valve 151; a spring seat 153 which
is arranged below the backup spring 152 and on which the
backup spring 152 is seated; and a stopper ring 154 that
prevents the check valve 151, the backup spring 152 and the
spring seat 153 from falling off.

The check valve 151 is a cylindrical member, and a flange
151a is formed in a lower end portion of the check valve 151.
A cylindrical bush 1515 is press-fitted into an inner circum-
ference of the check valve 151 to slidably support the piston
rod 235. The flange 151a is arranged in the second concave
portion 142 of the valve chamber 140, and the check valve
151 moves in the vertical direction along an outer circumfer-
ence of the piston rod 235 in such a manner that an upper end
surface of the flange 151a is in contact with a bottom portion
(upper end surface) of the second concave portion 142, or the
upper end surface of the flange 1514 is apart from the bottom
portion of the second concave portion 142.

For example, the backup spring 152 is a disc spring-like
member, and in a state where the backup spring 152 is seated
on the spring seat 153, the backup spring 152 is in contact
with a lower end surface of the flange 1514 of the check valve
151 at a plurality of circumferential locations in an inner
circumferential or outer circumferential portion thereof.
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The spring seat 153 is a disc-shaped member and a hole is
formed in a center portion thereof. Concave and convex por-
tions are alternately formed in a circumferential direction,
and the concave and convex portions are concave and convex
in a radial direction in an outer circumferential portion of the
spring seat 153. The spring seat 153 is arranged in the first
concave portion 141 of the valve chamber 140 and oil circu-
lates via the concave portions formed on the outer circumfer-
ential portion.

The stopper ring 154 is a C-shaped retaining ring and is
fitted to the groove 141qa formed in an inner circumferential
surface of the first concave portion 141 of the valve chamber
140. The stopper ring 154 is arranged below the spring seat
153 to support the spring seat 153 from below.
Configuration of Main Body Side Unit 200

As illustrated in FIG. 2, the main body side unit 200
includes a substantially cylindrical outer tube 210 of which
both ends are open; a guide bush 211 that is mounted to a side
of a lower end portion (lower end portion) of the outer tube
210; an oil seal 212 that is mounted below the guide bush 211;
and a dust seal 213 that is mounted below the oil seal 212.

In addition, the main body side unit 200 includes the piston
220 that slides in the working oil chamber 50 formed in the
inner space of the inner tube 110; a piston bolt 230 that retains
the piston 220; and the piston rod 235 that retains the piston
bolt 230 in a lower end portion thereof.

In addition, the main body side unit 200 includes a cap 240
that is mounted to a side of an upper end portion (upper end
portion) of the outer tube 210 to block an upper opening
portion; a support member 250 that is mounted to the cap 240
to support an upper end portion of the piston rod 235. In
addition, the main body side unit 200 includes a cylindrical
stopper rubber 255 that is arranged in an annular concave
portion formed by an inner circumference of a cylindrical
portion 241 of the cap 240 to be described later and an outer
circumference of a first cylindrical portion 251 of the support
member 250; a disc-shaped stopper plate 256 that is arranged
below the stopper rubber 255; and a stopper ring 257 that is
arranged below the stopper plate 256.

In addition, the main body side unit 200 includes a damp-
ing force generating apparatus 260 that generates a damping
force using viscous resistance of oil; and a damping force
adjusting apparatus 270 that adjusts a damping force of the
damping force generating apparatus 260. In addition, the
main body side unit 200 includes the spring support member
410 that supports the coil spring 400 together with the lower
spring receiver 124.

Configuration of Outer Tube 210

As illustrated in FIG. 2, the outer tube 210 is a substantially
cylindrical member. The lower end portion of the outer tube
210 is expanded in diameter in such a manner that the guide
bush 211, the oil seal 212 and the dust seal 213 can be retained
thereinside. A female screw 210a is formed in an inner cir-
cumferential surface of the upper end portion thereof, and a
male screw 241a formed in the cap 240 is tightened into the
female screw 210aq.

The guide bush 211 is a member that helps smooth sliding
between the inner circumferential surface of the outer tube
210 and an outer circumferential surface of the inner tube
110. The guide bush 211 is a bearing that is formed into a
cylindrical shape. In a state where the guide bush 211 is
mounted to the outer tube 210, the guide bush 211 is set to
have an inner diameter smaller than that of the outer tube 210
in such a manner that an inner circumferential surface of the
guide bush 211 protrudes inward from the inner circumfer-
ential surface of the outer tube 210. The guide bush 211
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functions as a member that defines a lower portion of the
aforementioned annular oil chamber 20.

The oil seal 212 prevents working oil which leaks out of the
guide bush 211 during mutual sliding of the outer tube 210
and the inner tube 110 from flowing to the outside.

The dust seal 213 suppresses intrusion of foreign sub-
stances such as water or dust into the front fork 21 from the
outside.

Configuration of Piston 220

As illustrated in FIG. 4, the piston 220 is a cylindrical
member that has a plurality of oil paths formed in the vertical
direction. More specifically, the piston 220 has a bolt hole
220a which passes in the vertical direction through a center
portion thereof and through which a third cylindrical portion
233 of the piston bolt 230 to be described later passes; a first
oil path 2205 that is configured by a hole which passes in the
vertical direction through a portion farther radially outside
than the bolt hole 220a; and a second oil path 220c¢ that is
configured by a hole which passes in the vertical direction
through a portion farther radially outside than the first oil path
220b. In addition, a ring groove 220d is formed over the
circumferential entirety of an outer circumferential surface of
the piston 220, and an oil ring 221 is fitted to the ring groove
220d to seal a gap between the outer circumferential surface
of the piston 220 and the inner circumferential surface of the
inner tube 110. The oil ring 221 fitted to the ring groove 2204
divides the working oil chamber 50 into a piston rod side oil
chamber 51 that is an oil chamber which is positioned above
the oil ring 221 and in which the piston rod 235 is present; and
a piston side oil chamber 52 that is an oil chamber which is
positioned below the oil ring 221. That is, the piston 220
retaining the oil ring 221 divides the working oil chamber 50
into the piston rod side oil chamber 51 and the piston side oil
chamber 52. The aforementioned first oil path 22056 and the
second oil path 220c¢ function as communication paths
through which the piston rod side oil chamber 51 communi-
cates with the piston side oil chamber 52. The piston 220
configures a part of the damping force generating apparatus
260. The damping force generating apparatus 260 will be in
detail described later.

Configuration of Piston Bolt 230

As illustrated in FIG. 4, the piston bolt 230 has a first
cylindrical portion 231 that has a cylindrical shape; a second
cylindrical portion 232 that has a cylindrical shape and is
formed to extend downward from a lower end portion of the
first cylindrical portion 231; and the third cylindrical portion
233 that has a cylindrical shape and is formed to extend
downward from a lower end portion of the second cylindrical
portion 232. A female screw 231a is formed in an inner
circumferential surface of the first cylindrical portion 231,
and a male screw 235b to be described later formed in the
piston rod 235 is tightened into the female screw 231a. In
addition, a male screw 233a is formed in a lower end portion
of the third cylindrical portion 233. In addition, a through-
hole 2324 is formed in the second cylindrical portion 232 in a
radial direction (a direction orthogonal to the vertical direc-
tion) in order for the inside of the second cylindrical portion
232 to communicate with the outside thereof. The through-
hole 2324 and an inner portion of the third cylindrical portion
233 function as a bypass 60 that bypasses the first oil path
2205 and second oil path 220c¢ formed in the piston 220 in
order for the piston rod side oil chamber 51 to communicate
with the piston side oil chamber 52.

Configuration of Piston Rod 235

The piston rod 235 is a cylindrical member. As illustrated
in FIG. 3, a male screw 235a is formed in an outer circum-
ferential surface of the upper end portion, and the male screw
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2354 is tightened into a female screw 2524 to be described
later formed in the support member 250. As illustrated in FIG.
4, the male screw 2355 is formed in an outer circumferential
surface of a lower end portion of the piston rod 235, and the
male screw 2355 is tightened into the female screw 231a
formed in the piston bolt 230. In addition, in the piston rod
235, a through-hole 235¢ is formed in a radial direction in a
portion above the male screw 2355 in order for the inside of
the piston rod 235 to communicate with the outside thereof.
When the through-hole 235¢ is seen in a direction orthogonal
to the vertical direction, the through-hole 235¢ is formed into
an oblong hole shape that is long in the vertical direction. In
addition, the through-holes 235¢ are formed at 180 degree
intervals circumferentially in an outer circumferential surface
of' the piston rod 235.

When the piston rod 235 has an outer diameter Do in the
outer circumferential surface, an area of tDo?*/4 is referred to
as “a cross-sectional area of the piston rod 235 hereinafter.
The cross-sectional area of the piston rod 235 according to the
embodiment is set to be smaller than a cross-sectional area (an
area of a cross-section cut by a surface orthogonal to the
vertical direction) of the annular oil chamber 20.
Configuration of Cap 240

As illustrated in FIG. 3, the cap 240 has the cylindrical
portion 241 that has a cylindrical shape; an inward portion
242 that is provided in an upper end portion of the cylindrical
portion 241 and is formed inward in a radial direction to block
an opening; and a columnar portion 243 that has a columnar
shape and protrudes downward from a lower end surface of a
center portion of the inward portion 242.

The male screw 241a and a seal groove 2415 are formed in
an outer circumferential surface of the cylindrical portion
241. The male screw 241aq is tightened into the female screw
2104 formed in the inner circumferential surface of the outer
tube 210, and a seal member 245 is fitted to the seal groove
2415 to seal a gap between the outer circumferential surface
of the cylindrical portion 241 and the inner circumferential
surface of the outer tube 210 in a portion above the male screw
241a. Inaddition, a protrusion portion 241¢ is provided above
the seal groove 2415 in the outer circumferential surface of
the cylindrical portion 241, and the protrusion portion 241¢
protrudes in a radial direction outward from the outer circum-
ferential surface of the cylindrical portion 241.

A male screw 243a is formed in an outer circumferential
surface of the columnar portion 243, and the male screw 243a
is tightened into a female screw 251a formed in the support
member 250. Through-holes 2435 and 243¢ are formed to
pass in the vertical direction through the inward portion 242
and the columnar portion 243, and a first adjusting bolt 312
and a second adjusting bolt 322 to be described later are
inserted into the through-hole 2435 and the through-hole
243c, respectively.

When the male screw 2414 formed in the outer circumfer-
ential surface of the cylindrical portion 241 is tightened into
the female screw 210a formed in the inner circumferential
surface of the outer tube 210, the cap 240 is mounted on the
outer tube 210. The seal member 245 is fitted to the seal
groove 2415 formed in the cylindrical portion 241 to seal the
outer tube 210.

Configuration of Support Member 250

As illustrated in FIG. 3, the support member 250 has the
first cylindrical portion 251 that has a thin-wall cylindrical
shape; and a second cylindrical portion 252 that is formed into
a cylindrical shape below the first cylindrical portion 251 and
has a wall thicker than the wall of the first cylindrical portion
251. The female screw 251a is formed in an inner circumfer-
ential surface of the first cylindrical portion 251, and the male
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screw 243a formed in the cap 240 is tightened into the female
screw 251a. A ring groove 2515 to which the stopper ring 257
is fitted is formed in an outer circumferential surface of the
first cylindrical portion 251. In addition, the female screw
252a is formed in an inner circumferential surface of the
second cylindrical portion 252, and the male screw 2354
formed in the piston rod 235 is tightened into the female
screw 252a.

When the female screw 251a of the first cylindrical portion
251 is tightened onto the male screw 243a of the cap 240, the
support member 250 is retained by the cap 240. When the
male screw 235a formed in the piston rod 235 is tightened
into the female screw 252a of the second cylindrical portion
252, the piston rod 235 is retained by the second cylindrical
portion 252. Furthermore, when a lock nut 254 is tightened
toward the support member 250, the piston rod 235 is fixed to
not only the support member 250 but also the cap 240.
Configuration of Stopper Rubber 255 and the Like

As illustrated in FIG. 3, the stopper rubber 255 is a cylin-
drical member that is molded of an elastic member such as
rubber. The stopper rubber 255 is arranged in an annular
concave portion that is formed by an inner circumference of
the cylindrical portion 241 of the cap 240 and an outer cir-
cumference of the first cylindrical portion 251 of the support
member 250.

The stopper plate 256 is a disc-shaped member that has a
hole in a center portion thereof, and the first cylindrical por-
tion 251 of the support member 250 passes through the hole.

The stopper ring 257 is a C-shaped retaining ring and is
fitted to the ring groove 2515 formed in the first cylindrical
portion 251 of the support member 250. The stopper ring 257
prevents the stopper rubber 255 and the stopper plate 256
from falling off.

When the front fork 21 is compressed, an upper end portion
of the axle side unit 100 abuts against the stopper plate 256
and the stopper plate 256 abuts against the lower end surface
of'the cylindrical portion 241 of the cap 240, and thus upward
movement of the axle side unit 100 is limited. At this time,
since the stopper rubber 255 is elastically deformed, an
impact is mitigated at the time the stopper plate 256 abuts
against the lower end surface of the cylindrical portion 241 of
the cap 240.

Configuration of Damping Force Generating Apparatus 260

As illustrated in FIG. 4, the damping force generating
apparatus 260 includes the aforementioned piston 220; a first
valve 261 that is arranged below the piston 220 to block a
lower end portion of the first oil path 2206 formed in the
piston 220; a second valve 262 that is arranged above the
piston 220 to block an upper end portion of the second oil path
220c¢ formed in the piston 220; a first washer 263 that is
arranged below the first valve 261; and a second washer 264
that is arranged above the second valve 262.

As illustrated in FIG. 4, when a lock nut 265 is tightened
onto the male screw 233a formed in the third cylindrical
portion 233 of the piston bolt 230, the piston 220, the first
valve 261, the second valve 262, the first washer 263 and the
second washer 264 together with the spring support member
410 and the like are mounted while being interposed between
the lock nut 265 and a lower end surface of the second cylin-
drical portion 232 of the piston bolt 230.

Configuration of Damping Force Adjusting Apparatus 270

The damping force adjusting apparatus 270 includes a first
adjustment mechanism 280 that adjusts a flow rate of oil
which circulates between the piston rod side oil chamber 51
and the piston side oil chamber 52 via the bypass 60 formed
in the piston bolt 230; a second adjustment mechanism 290
that adjusts a damping force due to bending deformation of
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the second valve 262; and an operation portion 300 that
operates adjustment of the first adjustment mechanism 280
and the second adjustment mechanism 290.

As illustrated in FIG. 4, the first adjustment mechanism
280 includes a needle valve 281 that adjusts the circulation
area of the bypass 60; a first push rod 282 that exerts a
downward force on the needle valve 281; a coil spring 283
that exerts an upward force on the needle valve 281; and a
spring seat 284 that supports a lower end portion of the coil
spring 283.

The needle valve 281 is a columnar member which has a
flange portion 281« in an upper end portion thereof and of
which a lower end portion is sharply pointed, and the needle
valve 281 is inserted inside the piston rod 235. The first push
rod 282 is a cylindrical or columnar member that is arranged
inside a second push rod 295 to be described later. The coil
spring 283 is arranged in the vertical direction between a
lower end surface of the flange portion 281a of the needle
valve 281 and the spring seat 284, and the coil spring 283 is
mounted in a radial direction between an inner circumferen-
tial surface of the piston rod 235 and an outer circumferential
surface of the needle valve 281. The spring seat 284 is a
disc-shaped member that has a hole in a center portion
thereof, and the needle valve 281 passes through the hole. The
spring seat 284 seals a gap between an inner circumferential
surface of the piston bolt 230 and the outer circumferential
surface of the needle valve 281.

The second adjustment mechanism 290 includes a valve
opening suppression member 291 that is arranged above the
second valve 262 to suppress the opening of the second valve
262;a coil spring 292 that is arranged above the valve opening
suppression member 291 to exert a downward force on the
valve opening suppression member 291; and a spring receiver
293 that is arranged above the coil spring 292 to interpose the
coil spring 292 between the valve opening suppression mem-
ber 291 and the spring receiver 293. In addition, the second
adjustment mechanism 290 includes a push member 294 that
exerts a downward force on the spring receiver 293; and the
second push rod 295 that exerts a downward force on the push
member 294.

The valve opening suppression member 291 has a first
cylindrical portion 291a that is provided in an upper portion
and has a cylindrical shape; a second cylindrical portion 2915
that is provided in a lower portion, has inner and outer diam-
eters larger than those of the first cylindrical portion 2914 and
has a cylindrical shape; and an intermediate portion 291¢ that
connects the first cylindrical portion 291a¢ and the second
cylindrical portion 2915 to each other. The first cylindrical
portion 291a is fitted around the first cylindrical portion 231
of the piston bolt 230. A lower end surface of the second
cylindrical portion 2915 is in contact with an upper end sur-
face of the second valve 262. A seat surface on which the coil
spring 292 is seated is formed in an upper portion of the
intermediate portion 291¢. The intermediate portion 291c is
provided intermittently in a circumferential direction in order
for the outside of the valve opening suppression member 291
to communicate with the bypass 60, and the intermediate
portion 291c¢ allows oil to circulate between the piston rod
side 0il chamber 51 and the piston side oil chamber 52 via the
bypass 60.

The spring receiver 293 is a bowl-shaped member that has
a hole in a center portion thereof, and the piston rod 235
passes through the hole. A flange provided in an upper end
portion of the spring receiver 293 supports an upper end
portion of the coil spring 292 and contains the push member
294 thereinside.
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The push member 294 is a plate-like member that has a
hole in a center portion thereof. The hole is larger than an
outer diameter of the first push rod 282 and smaller than an
outer diameter of the second push rod 295. The length of the
push member 294 is larger than an outer diameter of the
piston rod 235. The push member 294 is arranged to move in
the vertical direction through the two through-holes 235¢
formed in the piston rod 235.

The second push rod 295 is a cylindrical member of which
an inner diameter is larger than the outer diameter of the first
push rod 282 and of which the outer diameter is smaller than
an inner diameter of the piston rod 235. The second push rod
295 is arranged between an outer circumferential surface of
the first push rod 282 and the inner circumferential surface of
the pistonrod 235. A lower end portion of the second push rod
295 is in contact with an upper end surface of the push
member 294.

As illustrated in FIG. 3, the operation portion 300 includes
a first operation portion 310 that moves the first push rod 282
in the vertical direction; and a second operation portion 320
that moves the second push rod 295 in the vertical direction.
The first operation portion 310 and the second operation
portion 320 are contained in a space that is formed by the cap
240 and the support member 250.

FIG. 6 is a view illustrating a schematic configuration of
the first operation portion 310 and the second operation por-
tion 320.

The first operation portion 310 includes a first adjusting nut
311 that exerts a downward force on the first push rod 282; the
first adjusting bolt 312 that is screwed into a female screw
311a formed in the first adjusting nut 311 to move the first
adjusting nut 311 in the vertical direction; and an oil seal 313
that seals a gap between the first adjusting bolt 312 and the
cap 240.

The second operation portion 320 includes a second adjust-
ing nut 321 that exerts a downward force on the second push
rod 295; the second adjusting bolt 322 that is screwed into a
female screw 3214a formed in the second adjusting nut 321 to
move the second adjusting nut 321 in the vertical direction;
and an oil seal 323 that seals a gap between the second
adjusting bolt 322 and the cap 240.

The first adjusting nut 311 is a disc-shaped member of
which the outer diameter is slightly smaller than an inner
diameter of the first cylindrical portion 251 of the support
member 250. The first adjusting nut 311 has the female screw
311a into which the first adjusting bolt 312 is screwed; and a
through-hole 3115 through which a third columnar portion
322c¢ to be described later of the second adjusting bolt 322
passes. A lower end surface of the first adjusting nut 311 is in
contact with an upper end surface of the first push rod 282 to
exert a downward force on the first push rod 282.

The first adjusting bolt 312 is a member in which a plurality
of columnar portions having outer diameters different from
each other line up in the vertical direction. More specifically,
the first adjusting bolt 312 has a first columnar portion 312a
that is provided in an upper end portion thereof; a second
columnar portion 3125 that is provided below the first colum-
nar portion 3124 and has an outer diameter larger than that of
the first columnar portion 312a; a third columnar portion
312c¢ that is provided below the second columnar portion
312b and has an outer diameter smaller than that of the second
columnar portion 3125; and a fourth columnar portion 3124
that is provided below the third columnar portion 312¢ and
has an outer diameter smaller than that of the third columnar
portion 312¢.

A groove 312e (refer to FIG. 3) is formed over the entire
circumference of an outer circumferential surface of the first
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columnar portion 312a, and the groove 312¢ is concave
inward from the outer circumferential surface and the oil seal
313 is fitted to the groove 312e. In addition, a concave portion
312f'is formed in an upper end surface of the first columnar
portion 312a and is concave downward from the upper end
surface.

The outer diameter of the second columnar portion 3125 is
larger than an inner diameter of the through-hole 2435 formed
in the cap 240.

A male screw 312g is formed in an outer circumferential
surface of the third columnar portion 312¢, and the male
screw 312g is screwed into the female screw 311a formed in
the first adjusting nut 311.

The second adjusting nut 321 is a disc-shaped member of
which an outer diameter is slightly smaller than the inner
diameter of the first cylindrical portion 251 of the support
member 250. The second adjusting nut 321 has the female
screw 321a into which the second adjusting bolt 322 is
screwed; and a through-hole 3215 through which the fourth
columnar portion 3124 of the first adjusting bolt 312 passes.
In addition, a through-hole 321c¢ is formed in a center portion
of the second adjusting nut 321, and the first push rod 282
passes through the through-hole 321¢. A lower end surface of
the second adjusting nut 321 is in contact with an upper end
surface of the second push rod 295 to exert a downward force
on the second push rod 295.

The second adjusting bolt 322 is a member in which a
plurality of columnar portions having outer diameters differ-
ent from each other line up in the vertical direction. More
specifically, the second adjusting bolt 322 has a first columnar
portion 3224 that is provided in an upper end portion thereof;,
a second columnar portion 3224 that is provided below the
first columnar portion 322a and has an outer diameter larger
than that of the first columnar portion 3224; a third columnar
portion 322¢ that is provided below the second columnar
portion 3225 and has an outer diameter smaller than that of
the second columnar portion 322b; and a fourth columnar
portion 322d that is provided below the third columnar por-
tion 322¢ and has an outer diameter smaller than that of the
third columnar portion 322c.

A groove 322e (refer to FIG. 3) is formed over the entire
circumference of an outer circumferential surface of the first
columnar portion 322a, and the groove 322¢ is concave
inward from the outer circumferential surface and the oil seal
323 is fitted to the groove 322e. In addition, a concave portion
322f'is formed in an upper end surface of the first columnar
portion 322a and is concave downward from the upper end
surface.

The outer diameter of the second columnar portion 3225 is
larger than an inner diameter of the through-hole 243¢ of the
columnar portion 243 formed in the cap 240.

The outer diameter of the third columnar portion 322¢ is
smaller than an inner diameter of the through-hole 3114
formed in the first adjusting nut 311.

A male screw 322g is formed in an outer circumferential
surface of the fourth columnar portion 322d, and the male
screw 322g is screwed into the female screw 321a formed in
the second adjusting nut 321.

The operation portion 300 having the aforementioned con-
figuration is contained in the space that is formed by the cap
240 and the support member 250. At this time, the first colum-
nar portion 312a of the first adjusting bolt 312 is inserted into
the through-hole 2435, and the first columnar portion 322a of
the second adjusting bolt 322 is inserted into the through-hole
243c¢. In addition, the upper end surface of the first push rod
282 abuts against the lower end surface of the first adjusting
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nut 311, and the upper end surface of the second push rod 295
abuts against the lower end surface of the second adjusting nut
321.

Since the third columnar portion 322¢ of the second adjust-
ing bolt 322 is fitted into the through-hole 3115 of the first
adjusting nut 311, the first adjusting nut 311 into which the
first adjusting bolt 312 is screwed is prevented from being
rotated and is moved in the vertical direction by rotation
operation of the first adjusting bolt 312. Accordingly, the first
push rod 282 moves in the vertical direction.

In contrast, since the fourth columnar portion 3124 of the
first adjusting bolt 312 is fitted into the through-hole 3215 of
the second adjusting nut 321, the second adjusting nut 321
into which the second adjusting bolt 322 is screwed is pre-
vented from being rotated and is moved in the vertical direc-
tion by rotation operation of the second adjusting bolt 322.
Accordingly, the second push rod 295 moves in the vertical
direction.

Operation of Front Fork 21

Hereinafter, operation of the front fork 21 having the afore-
mentioned configuration according to the embodiment will
be described.

Extension Stroke

FIGS. 7A and 7B are views illustrating operation of an
extension stroke. FIG. 7B is a view illustrating a state where
the front fork 21 is extended from a state in FIG. 7A.

Asillustrated in FIGS. 7A and 7B, when the inner tube 110
retreats from the outer tube 210, a distance between the oil
ring 135 fitted to the ring groove 1334 of the rod guide case
130 and the guide bush 211 fitted into the outer tube 210
becomes short, and a volume of the annular oil chamber 20
becomes small. Accordingly, oil in the annular oil chamber 20
flows into the working oil chamber 50 via the communication
hole 114 of the inner tube 110 (refer to an arrow 71). In
addition, since, by movement of the piston 220, a volume of
the piston rod side oil chamber 51 of the working oil chamber
50 is decreased and a volume of the piston side oil chamber 52
is increased, the oil flowing into the working oil chamber 50
from the annular oil chamber 20 flows into the piston side oil
chamber 52 from the piston rod side oil chamber 51 via the
bypass 60 or the first oil path 22056 formed in the piston 220.
At this time, since the cross-sectional area of the annular oil
chamber 20 is set to be larger than the cross-sectional area of
the piston rod 235, a volume decrease V1 of the annular oil
chamber 20 resulting from extension operation of the front
fork 21 is larger than a volume decrease V2 resulting from
retreat of the piston rod 235 from the working oil chamber 50,
and since the communication path 40 is a path that is formed
in the rod guide case 130 in order for the annular oil chamber
20 to communicate with the annular gap 25, surplus oil (V1-
V2) in the working oil chamber 50 flows via the communi-
cation path 40 from the annular oil chamber 20 into the
annular gap 25 formed between the rod guide case 130 and the
inner tube 110 (refer to an arrow 72). Since the communica-
tion hole 131¢ is formed in the lower end portion of the
cylindrical portion 131 of the rod guide case 130, oil flows
into the oil chamber 46 of the oil reservoir chamber 45 from
the annular gap 25 (refer to an arrow 73).

In addition, since, by movement of the piston 220, the
volume of the piston rod side oil chamber 51 of the working
oil chamber 50 is decreased and the volume of the piston side
oil chamber 52 is increased, the oil flowing into the working
oil chamber 50 from the annular oil chamber 20 flows into the
piston side oil chamber 52 from the piston rod side oil cham-
ber 51 viathe bypass 60 or the first oil path 2205 formed in the
piston 220. In contrast, when pressure inside the piston rod
side oil chamber 51 is increased by decrease in the volume of
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the piston rod side oil chamber 51, the upper end surface of
the flange 1514 of the check valve 151 abuts against the upper
end surface of the second concave portion 142 of the rod
guide case 130, and flow of 0il from the working oil chamber
50 into the oil reservoir chamber 45 is suppressed. In addition,
the oil seal 145 is fitted to the seal groove 1325 formed in the
inward portion 132 of the rod guide case 130, and the oil seal
145 prevents oil from flowing into the annular gap 25 from the
working oil chamber 50.

During the extension stroke, a damping force is generated
due to path resistance in the communication path 40 of therod
guide case 130 when oil flows into the annular gap 25 from the
annular oil chamber 20. In addition, in a low speed region, a
damping force is generated due to path resistance in the
bypass 60 of which a circulation area is adjusted by adjusting
a degree of opening of the needle valve 281 of the first adjust-
ment mechanism 280. In a medium to high speed region, a
damping force is generated due to bending deformation of the
first valve 261 that blocks the first oil path 22056 formed in the
piston 220 of the damping force generating apparatus 260.
Compression Stroke

FIGS. 8A and 8B are views illustrating operation of a
compression stroke. FIG. 8B is a view illustrating a state
where the front fork 21 is compressed from a state in FIG. 8A.

As illustrated in FIGS. 8A and 8B, when the inner tube 110
enters the outer tube 210, a distance between the oil ring 135
fitted to the ring groove 133a of the rod guide case 130 and the
guide bush 211 fitted into the outer tube 210 becomes large,
and the volume of the annular oil chamber 20 becomes large.
Accordingly, oil in the working oil chamber 50 flows into the
annular oil chamber 20 via the communication hole 114 of the
inner tube 110 (refer to an arrow 81). In addition, since, by
movement of the piston 220, the volume of the piston side oil
chamber 52 of the working oil chamber 50 is decreased and
the volume of the piston rod side oil chamber 51 is increased,
oil flows into the piston rod side oil chamber 51 from the
piston side oil chamber 52 via the bypass 60 or the second oil
path 220c¢ formed in the piston 220. At this time, since the
cross-sectional area of the annular oil chamber 20 is set to be
larger than the cross-sectional area of the piston rod 235, a
volume increase V3 of the annular oil chamber 20 resulting
from compression operation of the front fork 21 is larger than
a volume increase V4 resulting from entry of the piston rod
235 into the working oil chamber 50, and a deficient amount
(=V3-V4) compared to the necessary supply amount of 0il to
the annular oil chamber 20 (=V3) is supplied to the annular oil
chamber 20 from the oil reservoir chamber 45 via the check
valve 151 (refer to an arrow 82). In addition, a deficient
amount compared to the necessary supply amount of oil to the
annular oil chamber 20 is supplied to the annular oil chamber
20 from the oil reservoir chamber 45 via the communication
hole 131¢, the annular gap 25 and the communication path 40
(refer to an arrow 83). However, the oil seal 145 is fitted to the
seal groove 1325 formed in the inward portion 132 of the rod
guide case 130, thereby preventing oil from flowing into the
working oil chamber 50 from the annular gap 25.

During the compression stroke, a damping force is gener-
ated due to path resistance in the communication path 40 of
the rod guide case 130 when oil flows into the annular oil
chamber 20 from the annular gap 25. In addition, in the low
speed region, a damping force is generated due to path resis-
tance in the bypass 60 of which the circulation area is adjusted
by adjusting the degree of opening of the needle valve 281 of
the first adjustment mechanism 280. In the medium to high
speed region, a damping force is generated due to bending
deformation of the second valve 262 that blocks the second
oil path 220c¢ formed in the piston 220 of the damping force
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generating apparatus 260. The damping force resulting from
the bending deformation of the second valve 262 is adjusted
by the second adjustment mechanism 290.

As described above, in the front fork 21 according to the
embodiment, during the extension operation, oil flows into
the annular gap 25 from the annular oil chamber 20 via the
communication path 40 and reaches the oil chamber 46 in the
oil reservoir chamber 45 via the communication hole 131c.
Accordingly, for example, even though air is trapped in an
upper portion of the annular oil chamber 20, the air is dis-
charged into the oil chamber 46 of the oil reservoir chamber
45 by a pressurized oil that flows into the annular gap 25 from
the annular oil chamber 20 via the communication path 40,
and the discharged air reaches the air chamber 47. In contrast,
during the compression stroke, pressure in the annular oil
chamber 20 becomes negative compared to the air chamber
47. However, the communication hole 131¢ formed in the rod
guide case 130 is present in the lower end portion of the
cylindrical portion 131 and inside the oil chamber 46 ofthe oil
reservoir chamber 45, oil in the oil reservoir chamber 45 flows
into the annular oil chamber 20 via the annular gap 25 and the
communication path 40. For this reason, air in the oil reser-
voir chamber 45 is not sucked into the annular oil chamber 20.

In the front fork 21 according to the embodiment, it is
possible to suppress occurrence of air bubble entrapment in
the upper portion of the annular oil chamber 20 or an upper
portion of the annular gap 25. Accordingly, it is possible to
suppress occurrence of an impulse sound caused by occur-
rence of the air bubble entrapment in the upper portion of the
annular oil chamber 20 or in the upper portion of the annular
gap 25.

In the aforementioned embodiment, the communication
path 40 is formed by the outward portion side concave portion
133¢ and the cylindrical portion side concave portion 131d
that are formed in the rod guide case 130, and the annular oil
chamber 20 communicates with the annular gap 25 with the
communication path 40, but, in particular, the invention is not
limited to the embodiment. For example, in replacement of
the outward portion side concave portion 133¢ formed in the
rod guide case 130, the communication path 40 may be
formed by a through-hole that is formed in an upper portion of
the inner tube 110 to connect the inside with the outside
thereof, and the cylindrical portion side concave portion 1314
formed in the rod guide case 130, and the annular oil chamber
20 communicates with the annular gap 25 via the communi-
cation path 40.

Compared to the communication path 40 being configured
with two members that are the rod guide case 130 and the
inner tube 110, when the communication path 40 is formed in
only the rod guide case 130, productivity can be improved
since the rod guide case 130 can be assembled into the inner
tube 110 without regard to relative positions of configuration
portions of the communication path 40 during the assembly
of the rod guide case 130 and the inner tube 110.
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Another Embodiment of Rod Guide Case 130

FIG. 9 is a perspective view when the rod guide case 130
according to another embodiment is seen from below.

As illustrated in FIG. 9, the cylindrical portion side con-
cave portion 131d formed in the rod guide case 130 may be
helically formed to wind around the cylindrical portion 131
one time in a circumferential direction from a lower portion of
the male screw 1314 to the communication hole 131¢ formed
in the lower portion of the cylindrical portion 131. In this
shape, it is possible to discharge more air present in the
annular gap 25 into the oil chamber 46 of the oil reservoir
chamber 45 during the extension stroke of the front fork 21.
Accordingly, it is possible to more reliably suppress occur-
rence of the air bubble entrapment in the upper portion of the
annular oil chamber 20 or in the upper end portion of the
annular gap 25, and thus it is possible to more reliably sup-
press occurrence of the impulse sound.

What is claimed is:

1. A suspension apparatus comprising:

a cylindrical outer tube;

an inner tube which is coaxially arranged inside the outer
tube to move in an axial direction relative to the outer
tube and into which oil is poured;

a piston which is inserted into the inner tube;

a piston rod of which one end portion retains the piston and
which moves together with the outer tube with respect to
the inner tube; and

a partition wall member that is mounted to an upper end
portion of the inner tube to define an upper end portion of
an annular oil chamber which is formed between an
inner circumferential surface of the outer tube and an
outer circumferential surface of the inner tube, that has a
bowl portion formed into a bowl shape located inside the
inner tube, and that divides a space inside the inner tube
into an inner space and an outer space of the bowl por-
tion, said inner space including an oil-containing inner
space,

wherein a cross-sectional area of the annular oil chamber is
larger than a cross-sectional area of the piston rod,

the partition wall member divides the outer space into a gap
space between the partition wall member and the inner
tube and a space other than the gap space,

a through-hole is formed in the partition wall member to
communicate the oil-containing inner space with the gap
space,

at least one of the partition wall member and the inner tube
is provided with a communication path through which
an upper portion of the annular oil chamber communi-
cates with the gap space, and

the communication path has an inward concave portion
that is concave inward from a side surface of the bowl
portion of the partition wall member, said inward con-
cave portion being helically formed in the side surface of
the bowl portion.

#* #* #* #* #*



